To investigate the effects of preoperative rectal ozone insufflation on surgical wound healing over the proinflammatory cytokines and histopathological changes.
Introduction
Wound healing is clinically defined as the completion of the closure of the wounded skin area. This is a dynamic and interactive process which parenchymal cells, extracellular matrix, blood cells, and a variety of soluble mediators are involved in. Ozone causes a chain reaction when meet blood and activates antioxidant enzymes. These enzymes trigger many reactions, too and consequently better blood supply to the tissues is ensured by increasing the oxygen carrying capacity of blood.
Cell alimentation, regeneration and the process of disposing toxins are accelerated by this effect. Therefore, there are cell metabolism activator and immunomodulator effects of ozone therapy, too besides its antioxidant effect [6] [7] . Ozone has various therapeutic effects on wound healing due to the content of neutral oxygen which activates antioxidant enzymes and has bactericidal capacity [8] [9] .
In our study, we aimed to investigate the effects of preoperative rectal ozone insufflation on surgical wound healing, proinflammatory cytokines (IL-6 and TNF-α) levels and histopathological changes.
Methods
The Twenty one adult New Zealand white rabbits at body weight 3.0-3.5 kg were used in this study. The rabbits were clinically examined in terms of behaviour, respiratory, cardiovascular system before starting the study and any negativeness was not determined in the animals included in the study.
During the experiment, the animals were fed with standard food, constantly they had opportunity to access to water. The rabbits were fasted 12 hours before the operation.
The blanket set to 39˚C was laid to the ground to prevent heat loss 
Analysis of inflammatory cytokines
Rabbit serum IL-6, TNF-alpha levels were measured using an enzyme-linked immunosorbent assay (ELISA) kit according to the manufacturer's instructions. The intra-assay and inter-assay coefficients of variations were <10% and <12% for rabbit IL-6 and TNF-alpha respectively.
Histopathological examination
Histopathological wound scores were examined by a pathologist and a histologist performing blind ratings. For 
Statistical analysis
The obtained data was compared using "IBM SPSS Figure 1 ). Figure 2 ). 
Histopathological examination
Tissue samples had the normal histological appearance and the cells on layers were easily distinguished by morphological features in Group S ( Figure 3 , Table 2 It was seen that in Group O, angiogenesis and vasculogenesis increased more, these areas were found to be better identified with especially Mason staining. It was observed that granulation tissue was prominently formed together with epidermal and dermal regeneration, the thickness of the wound was less than Group K. It was determined that especially the cells located in the upper part of the epidermal layer became distinct and keratinisation on stratum korneum emerged. Though the limits of Squamous epithelial layers are not certain, it was seen that the borders of the cell could be identified and angiogenesis, vasculogenesis, and re-epithelialization markedly increased compared to Group K.
Despite the edema areas between the connective tissue in the dermal layer are similar to Group K, it was observed that the thickness of collagen threads increased and collagen deposition was higher in this group. It was seen that inflammatory cell infiltrations were in areas close to the veins, but the cells were in a single view in a manner that not to form groups ( Figure 5 , Table   2 ). It was observed that the wound healing process proceeded more slowly in the control group. It was determined that the wound healing was prominently accelarated in Ozone group. 
Discussion
The decrease was observed in the proinflammatory cytokines; TNF alpha and IL-6 in the ozone treated group in our study. It was seen that the prominent formation of granulation tissue along with the regeneration of the epidermal and dermal, the wound thickness was less, angiogenesis, vasculogenesis, and re-epithelialization intensely increased in the histopathological examination. It was observed that the thickness of collagen tissue increased and collagen deposition was higher in this group and wound healing was prominently faster.
Ozone is a molecule which affects systemically 5 . It triggers reactions that affecting each other, when it is taken into the body. The increase in antioxidant level and the reduction in lipid peroxidation occur at the end of these reactions. This effect reverts in a short time. Ozone also activates "heme oxygenase 1" enzyme, too. This enzyme has antioxidant, antiapoptotic, and antiinflammatory effects 11 . It is reported that many factors have effects on wound healing 12, 13 . There are studies investigating the effects of ozone treatment on infected wound healing. Lelyanov et al. for the first time, investigated the effects of ozone on wound healing 14 . In that study, it was reported that ozone made a positive contribution to the healing of colonic anastomosis wound. Again, Erginel et al. looked for the effect of ozone on colonic anastomosis wound healing in a rat model of peritonitis and stated that wound healing was better in the ozone treated groups, in their study 15 . It was determined that topical application of ozone had healing effects on acute skin wounds 16 . We observed that ozone had healing effects on surgical wounds of rabbits that we applied prophylactic ozone postoperatively in our study. Wound healing was found to be prominently accelerated in the rabbits treated with ozone. When we looked through in terms of histopathological changes such as granulation tissue thickening, epidermal regeneration, dermal regeneration and collagen distribution, angiogenesis, inflammatory cells, we observed that ozone had positive effects on wound healing at the same time.
Many studies have reported that various cell sources contribute to the production of cytokines in wound1 7, 18 .
Proinflammatory cytokins; TNF alpha and IL-6 have negative effects on wound healing 19 . The decrease on levels of these cytokins will create positive impact on wound healing. We evaluated the antiinflammatory effects through these mediators in our study. Though there was not statistically significant decrease in IL-6 and TNF alpha overall values, it was found to be lower in ozone treated group compared with control group. In the histopathological examination in our study, the decrease in the number of anti-inflammatory cells and also reduction of proinflammatory cytokine levels suggested that antiinflammatory activity of ozone had a positive effect on wound healing. Especially the increment of the cells located in the upper part of the epidermal layer in ozone treated group compared to control group was consistent with the reduction of cell apoptosis. Though the edema areas between connective tissue in the dermal layer was similar to control group, collagen deposition was higher in the ones treated with ozone made us think that ozone made a positive contribution to wound healing with its antioxidant property.
Kim et al. 16 reported that the sizes of wound were small, collagen fibers and fibroblasts prominently increased in the ozone treated group in their study of local application of ozone on acute cutaneus wound healing. It was shown that reduction of wound size and the significant increase in collagen fibers after ozone treatment on diabetic wound 20 . These results suggest us the positive effect on wound healing of the ozone might be associated with its antiinflammatory, antiapoptotic, and antioxidant properties.
Conclusion
Preoperative rectal application of ozone had positive effects on wound healing in acute period.
